Objective: Several studies have shown that hostility, as measured by the Minnesota Multiphasic Personality Inventory-derived Cook-Medley Hostility Scale (Ho), is positively associated with several cardiovascular risk factors, possibly accounting for the relationship between Ho scores and cardiovascular mortality. This study was undertaken to examine associations between hostility and cardiovascular risk factors representing the metabolic syndrome in 1081 older men who participated in the Normative Aging Study. Methods: Subjects included men who completed the Minnesota Multiphasic Personality Inventory in 1986 and who participated in a subsequent laboratory examination within 1 to 4 years. Total and subscale Ho scores were computed, and associations with anthropometric data, cigarette smoking, dietary information, serum lipids, blood pressure, and fasting glucose and insulin levels were examined. Results: The total Ho score was positively associated with waist/hip ratio, body mass index, total caloric intake, fasting insulin level, and serum triglycerides. The Ho score was inversely related to education and high-density lipoprotein cholesterol concentration. Path analysis also suggested that the effects of hostility on insulin, triglycerides, and high-density lipoprotein cholesterol were mediated by its effects on body mass index and waist/hip ratio, which, in turn, exerted their effects on lipids and blood pressure through insulin.
INTRODUCTION
Considerable evidence links hostility and CHD as well as other adverse health outcomes. Hostility has been associated, in cross-sectional studies, with angiographically determined coronary artery disease severity (1-3) and peripheral artery disease (4) . In prospective studies, hostility has predicted CHD incidence (4 -8) , hypertension (4) , and premature mortality from all causes (4, 5, 8, 9) . Although the results of some studies have been negative (10 -13) , the majority of studies have pointed to hostility as a probable risk factor for CHD and mortality from all causes.
Not only has hostility been found to directly predict CHD and other adverse health outcomes, but there is also abundant evidence to suggest a relationship between hostility and various sociodemographic, behavioral, and physiological risk factors for these disease outcomes. For instance, studies investigating the relationship between hostility and sociodemographic variables have consistently found a pattern of relationships that mimics the pattern found between these variables and morbidity and mortality. That is, higher hostility scores have been found in nonwhites, men, and those of lower socioeconomic status (ie, lower education and income) (14, 15) . Likewise, most studies investigating the associations between hostility and behavioral risk factors have found relationships in the expected direction. Hostility has been positively associated with alcohol consumption (8, 16 -19) , cigarette use (7, 9, 19) , current smoking status and caffeine consumption (19) , and caloric intake (18) .
In addition to sociodemographic and behavioral risk factors, several physiological correlates of CHD, stroke, diabetes, and premature death have been investigated for their relationship with hostility. Findings in this area, however, have been less consistent. Positive relationships have been identified between hostility and WHR (18, 20) , BMI (16, 19) , hypertension (4, 19, 21) , total cholesterol (22) (23) (24) , and the ratio of total cholesterol divided by HDL-C (19) . One study, however, failed to find a relationship with BMI, total cholesterol, HDL-C, or LDL-C (18) . Yet, although there have been other studies that failed to find an association between hostility and one or more CHD risk factors (6, 8, 11, 12, 16, 25) , no studies have reported that high levels of hostility are associated with reduced risk. Overall, the preponderance of data suggests that hostility is associated with many of the risk factors of CHD and other adverse health outcomes.
Observation of a statistical association among abdominal obesity/upper body fat distribution (usually measured by WHR), insulin resistance, hyperglycemia, dyslipidemia (ie, elevated VLDL-C and TRG levels and by low HDL-C levels), and hypertension on one hand, and their ability to independently predict atherosclerotic cardiovascular disease, stroke, non-insulin-dependent diabetes mellitus, and premature death on the other (26 -31) , has led to a recent medical hypothesis of a common pathogenic "metabolic syndrome" underlying these disease outcomes and premature death (26, 27, 32) . The metabolic syndrome, or "Syndrome X," has come to refer to this cluster of metabolic disorders and disease end points. The metabolic syndrome has become the focus of much recent empirical investigation into the pathogenesis of cardiovascular disease and non-insulin-dependent diabetes mellitus. Yet, although hostility clearly seems to play an important role in the development of cardiovascular disease, little empirical attention has been given to the role that hostility may play in the development of the metabolic syndrome. Ravaja et al. (32) found that high baseline aggression in male adolescents and young adults predicted elevations of serum TRG and insulin concentrations and increased BMI at 3-year follow-up examination. Vitaliano et al. (33) found that women who had high anger-out/hostility and high hassles and men who had high anger-out/hostility or high hassles had elevated fasting insulin levels. Furthermore, angerout/hostility was positively associated with elevated fasting glucose levels in both men and women.
The present study augments prior studies (32, 33) in a number of ways. First, hostility was measured using the Cook-Medley Hostility Scale (34) . This scale is the most commonly used measure of hostility and has well-established psychometric properties, facilitating comparisons across studies. Second, because hostility has been conceptualized as a multidimensional construct (35) , two different methods, one statistical (36) and the other conceptual (9), were used to divide this construct into its subcomponents. Third, upper-body fat distribution was measured by the WHR, which has been associated extensively with the metabolic syndrome (30) , and a more comprehensive assessment of physiological correlates of the metabolic syndrome was included. Unique aspects of this study were the simultaneous examination of associations among Ho scores and variables representing aspects of the metabolic syndrome among older males and the application of path analysis to describe more completely the structure of these associations.
The aims of the present study, then, were twofold: 1) to comprehensively examine the relationship between hostility and the most important constituents of the metabolic syndrome, including insulin resistance, hyperglycemia, upper-body fat distribution, dyslipidemia, and hypertension; and 2) to clarify and extend previous findings of an association between hostility and sociodemographic and health behavior variables. To achieve these aims, we analyzed data obtained in the Normative Aging Study, which offers unique opportunities for investigation of the relationship between hostility and the metabolic syndrome because of its large sample size and extensive range of sociodemographic, behavioral, and physiological measures.
METHODS

Sample
The data used in this study were collected as part of the Normative Aging Study, a prospective study of 2280 men begun in 1963 to characterize the biomedical and psychosocial parameters of normal aging (37) . Details of sample selection have been described previously (38) and are briefly summarized here. Between 1961 and 1970, more than 6000 men from the Boston, Massachusetts, area were recruited through newspaper advertisements, physician referrals, flyers, and word of mouth to participate in the Normative Aging Study. Applicants were screened for good health (only during the initial enrollment period) in three phases (39) , which included completion of a medical history form, laboratory and radiographic workup, and physical examination. Applicants were ineligible to participate if they had service-related disability, orthopedic defects, cataracts, loss of hearing, chronic illness (eg, asthma, bronchitis, or diabetes), hypertension (blood pressure Ͼ140/90 mm Hg), prior heart attacks, peptic ulcer, gout, or other major illnesses requiring hospitalization or physician visits. Applicants assessed as geographically unstable (ie, unlikely to remain in the Boston area for followup) were also excluded (40) . On the basis of this screening process, the initial cohort consisted of 2280 men in good health and aged 21 to 80 years. Ninety-eight percent of the initial sample were white; 2% were black or another race. Sixty-six percent of the men had high school diplomas; 26% were college graduates. About 44% were classified as working in white-collar occupations (ie, professionals, managers, and proprietors). Originally, participants reported every 3 years (age 52 or older) or 5 years (younger than age 52) for examination. Since 1986, a 3-year interval has been used for all men. Men were excluded according to the aforementioned criteria only at study entry; during follow-up examinations, they were followed for progression of, among other things, risk factors for CHD.
For inclusion in the present analyses, participants had to have completed the MMPI (41) . The MMPI was completed in 1986 by 1548 participants. In addition, only participants who were examined between the years 1987 and 1991, during which time serum insulin and WHR measures were collected, were included in the present analyses. The final sample consisted of 1081 men.
Procedures
On the night before examination, participants refrained from eating or drinking after midnight and refrained from smoking after 8:00 PM. The examination included blood pressure measurement, blood work (serum levels of glucose, insulin, and lipids), anthropometric evaluation, and assessment of health behaviors (diet, alcohol intake, and smoking) by standardized questionnaires. Blood was drawn at 8:00 AM while the participant was fasting. Sociodemographic data, including educational attainment, were obtained on entry into the study.
Measures
Blood lipids. Serum samples were drawn the morning after an overnight fast and analyzed for total cholesterol, HDL-C, TRG, and (calculated) LDL-C. Serum cholesterol was assayed enzymatically (SCALVO Diagnostics, Wayne, NJ). The HDL-C fraction was measured in the supernatant after precipitation of the LDL-C and VLDL-C fractions with dextran sulfate and magnesium, using the Abbott Biochromatic Analyzer 100 (Abbott Laboratories, South Pasadena, CA). TRG concentration was measured using the Dupont ACA discrete clinical analyzer (Dupont Company, Biomedical Products Department, Wilmington, DE). LDL-C concentration was estimated using the formula of Friedewald et al. (42) .
Fasting blood glucose. Serum glucose concentration was measured in duplicate on an autoanalyzer by the hexokinase method (43) .
Fasting insulin. Serum insulin concentration was determined by a solid phase [
125 I]-radioimmunoassay (Diagnostic Products Corporation, Los Angeles, CA).
Blood pressure. Blood pressure was measured using a standard mercury sphygmomanometer with a 14-cm cuff. SBP and fifth-phase DBP were measured to the nearest 2 mm Hg. Both left and right arm pressures were measured with the subject sitting; right arm pressures were then taken with the subject in a supine position, and 30 seconds later a second reading of right arm pressures was taken with the subject standing. The palpatory method was used to check auscultatory systolic readings. The means of all systolic and all diastolic readings were used in analyses. There were no methodological differences in assessing blood pressure from one examination to another.
Medication use. During the laboratory examination, current use of prescription and over-the-counter medication was assessed by the examining physician. In addition, diagnosed conditions were also noted (eg, hypertension and hypercholesterolemia).
Body mass index. Weight was taken on a standard hospital scale with the participant dressed in undershorts and socks. Weight was measured to the nearest 0.5 lb and then converted to kilograms. Height was measured with the participant standing in bare feet against a wall to the nearest 0.1 inch and then converted to meters. Body mass index was computed as kilograms per squared meters (kg/m 2 ). Waist-to-hip ratio. With the participant standing, abdomen circumference was measured in centimeters at the level of the umbilicus, and hip circumference was measured in centimeters at the greatest protrusion of the buttocks. WHR was calculated as abdomen circumference divided by hip circumference.
Health behaviors. Behavioral risk factors assessed included alcohol and tobacco consumption and diet. Dietary data were obtained by means of a semiquantitative food frequency questionnaire (44) , which was mailed to each participant and completed before the examination. The food frequency questionnaire lists food items with serving sizes and elicits information on frequency of intake during the past year. Nutrient scores are computed by multiplying the frequency of intake by the nutrient content of the food items. Macronutrients examined in the present analyses were total energy intake (kcal/day) and alcohol (drinks/week). Information was obtained on number of cigarettes currently smoked per day. Smoking status was categorized into never or ex-smokers vs. current smokers (Ն1 cigarettes/day).
Hostility. Hostility was measured with the Cook-Medley Hostility Scale (34) taken from the MMPI. Form AX (41) of the MMPI was administered, which includes items from both the MMPI and MMPI-2. Nine different scores were derived from the Cook-Medley scale, including a total hostility score (Ho), scores for paranoid alienation and cynicism based on the factor structure of Costa et al. (36) , and scores for the six subcategories of hostility (cynicism, hostile attributions, hostile affect, aggressive responding, social avoidance, and other) based on the scheme of Barefoot et al. (9) .
Demographic risk factors. Education was divided into four categories: less than high school, high school graduate (including attainment of a general education diploma), some college or college graduate (2 years of technical school or 4 years of college), and postcollege (some postgraduate or postgraduate). Age (in years) was assessed at the time of the laboratory examination.
Data Analysis
Data analysis was conducted using the following strategy. First, bivariate relationships among the variables were examined using correlational procedures (Spearman's r). Next, based on the initial bivariate results and hypotheses concerning whether hostility was directly related to variables representing the metabolic syndrome or whether the influence of hostility on the metabolic syndrome was mediated by BMI and WHR, multivariate relationships were explored using multiple linear regression. Finally, on the basis of these initial results, a path model was developed in which Ho indirectly predicts TRG, HDL-C, SBP, and DBP through the mediating effects of BMI, WHR, and fasting insulin. This model was then constructed and evaluated using structural equation modeling procedures (45) . Structural equation modeling offers a unique opportunity to examine simultaneously the relationship among multiple variables, to estimate path coefficients or relative weights of the paths among the variables, and to test the directionality of such paths.
RESULTS
Sample Characteristics
Demographic, personality, and behavioral characteristics of the sample are presented in Table 1 . Study participants ranged in age from 44 to 92 years and had an average Ho score of 17.1 (SD ϭ 7.8). Almost 11% currently smoked, about 69.1% had smoked at some point in their lives, and 79.8% were drinkers (operationalized as Ն1 drinks/year). Participants reported smoking an average of 2.7 cigarettes/day and drank a mean of 10.5 alcoholic beverages/week. Table 2 presents statistics on the anthropometric and physiological characteristics of the sample. Study participants had an average WHR of 0.98 and BMI of 26.8. Average total cholesterol for the sample was 235 mg/dl, and SBP and DBP averaged 129 and 78 mm Hg, respectively. Although subjects had been free of med-HOSTILITY AND THE METABOLIC SYNDROME ical illness on entry into the Normative Aging Study, at the time of laboratory assessment, 42.6% were found to be hypertensive, and 26.0% were taking medications for hypertension, 3.3% for hypercholesterolemia, and 2.7% for diabetes mellitus.
Bivariate Relationships Among Hostility and Other Variables
Total Ho and the eight derived subcomponents were examined for their relationships with demographic, behavioral, anthropometric, and physiological variables. Table 3 displays selected Spearman correlations among hostility, demographic, and behavioral measures. The total Ho score was associated negatively with educational level and positively with total calories consumed. Three of the four Barefoot et al. (9) subcategories (cynicism, hostile attributions, and aggressive responding) were also associated negatively with educational level. Both aggressive responding and hostile affect correlated positively with total calories consumed. Additionally, aggressive responding was associated positively with number of cigarettes smoked per day and number of alcoholic drinks per week. Table 4 displays Spearman correlations of total Ho and subscales with the physiological and anthropometric variables. The total Ho score and all subscales were associated positively with BMI and WHR. Ho and all subscales, except hostile affect, correlated positively with TRG, lipid ratio, and fasting insulin and correlated negatively with HDL-C. Total Ho and most of the subscales were not significantly correlated with fasting glucose; only aggressive responding was found to correlate positively with this variable. None of the measures of hostility were associated with LDL-C, SBP, or DBP.
Bivariate Relationships Among Anthropometric and Physiological Variables Table 5 presents the correlation matrix for the anthropometric and physiological variables. WHR, fasting insulin, fasting glucose, SBP, DBP, and TRG all correlated positively, with the exception of glucose and DBP, which were not significantly correlated with each other. Furthermore, HDL-C correlated negatively with all physiological variables except SBP and DBP.
Multivariate Relationships
Given that bivariate analyses identified significant correlations for Ho with fasting insulin, HDL-C, and TRG, the next step was to examine whether Ho directly predicted these physiological measures or whether such relationships were mediated by anthropometric parameters such as BMI and WHR, because BMI and WHR bear significant independent relationships with these variables (30) . A series of preliminary hierarchical multiple linear regression analyses were conducted using TRG, fasting insulin, HDL-C, SBP, and DBP as the criterion variables and Ho, WHR, BMI, and fasting insulin as the predictor variables, entered in order. Ho was chosen for these analyses over the hostility subscales because it has been more extensively studied in terms of its relationship with CHD morbidity and mortality. Before entering fasting insulin and TRG into the regression equation, these variables were log-trans- formed to normalize the distribution of the data. Hierarchical regression analyses revealed that in all cases, the effects of Ho on a given criterion variable disappeared when one or more additional predictors was entered into the regression equation, suggesting that the relationship between Ho and the given physiological measure was being mediated by the other variable. Specifically, the relationships of Ho with fasting insulin, TRG, and HDL-C were found to be mediated by both BMI and WHR. Furthermore, the relationships of Ho with TRG and HDL-C were found to be mediated by fasting insulin. Age, disease status, use of medications, smoking status, and alcohol consumption (drinks per week, log-transformed) did not significantly affect the relationships among hostility and the anthropometric and physiological measures. On the basis of these initial regression results, a path model was developed in which Ho indirectly predicts TRG, HDL-C, SBP, and DBP through the mediating effects of BMI, WHR, and fasting insulin (see Figure  1) . 1 Fasting insulin was hypothesized, on the basis of prior empirical and theoretical work (30) , to mediate the effects of BMI and WHR on HDL-C and TRG. An initial model was tested and then revised by dropping paths that were not significant. The final model is presented in Figure 1 . Parameter estimates were calculated using maximum likelihood methods. F1 and F2 represent latent constructs that underlie two variable pairs (TRG with HDL-C and SBP with DBP) and indicate that the variables are correlated. The variances of the F1 and F2 factors were fixed at 1 so that the fixed path from each factor to its measured variable indicator could be set free to be estimated (45) . The overall fit of the model was good ( This analysis confirmed that BMI mediated the relationships of Ho with fasting insulin, TRG, and HDL-C. WHR was found to mediate the relationship between Ho and fasting insulin. Furthermore, BMI was found to be associated with TRG, HDL-C, SBP, and DBP directly and indirectly by way of fasting insulin.
In separate models, we tested whether the effects of Ho on BMI and WHR were mediated by education level, age, and calories consumed. These variables did not explain (mediate) the relationships between Ho, BMI, and WHR, nor did they alter substantially the final model path parameter estimates or goodness of fit. In addition, the sample was divided at the median age of 63 years, and separate models were evaluated for men falling above and below the median age. The parameter estimates remained the same for both age groups. Another model was constructed in which antihypertensive medication use was entered as a covariate for blood pressure. Use of antihypertensive medications was associated positively with blood pressure, but inclusion of this variable in the model did not substantially alter parameter estimates. Finally, the effects of diabetes were evaluated in two ways: by excluding men who were taking medication to control diabetes and by also excluding men whose fasting glucose was Ն140 mg/dl. In both instances, the parameter estimates and model fit did not differ materially from the final model, which included diabetic men.
DISCUSSION
Relationships among total Ho scores with sociodemographic and behavioral variables noted in prior research were largely confirmed in the present study. For instance, our finding of a negative association between Ho and education has been consistently observed in earlier research (14, 15) . In terms of behavioral risk factors, a positive association between Ho and total caloric intake has also been previously found (18) . Although total Ho in this study was not related to alcohol consumption or cigarette use, subscale scores on aggressive responding were related to these two behavioral risk factors.
Also consistent with prior studies were the findings that total Ho scores were associated positively with both BMI (16, 19) and WHR (18, 20) . Furthermore, we were able to demonstrate that Ho was not significantly associated with serum total cholesterol or with serum LDL-C but was associated with higher serum TRG, a higher lipid ratio, and lower serum HDL-C. Although the relationships of hostility and serum lipid levels have been inconsistent in the literature as a whole, these findings are consistent with results from several earlier studies. For example, at least three studies found no relationships between Ho and total cholesterol or LDL-C (4, 8, 18 ). Siegler et al. (19) observed a positive association between Ho and the lipid ratio, and Ravaja et al. (32) found that a baseline measure of aggression predicted elevations in serum TRG 3 years later.
Another contribution of this study was the simultaneous examination of Ho subscales and their relationships with sociodemographic, behavioral, anthropometric, and physiological variables representing the metabolic syndrome. Consistent with the findings reported by Scherwitz et al. (15), we found inverse associations for Barefoot et al.'s subscales of cynicism, hostile attributions, and aggressive responding with education; however, we failed to find a significant relationship between hostile affect and education. The cynicism subscale derived by Costa et al. (36) was also inversely related to years of education. Regarding the behavioral variables, Costa et al.'s cynicism subscale and Barefoot et al.'s hostile affect and aggressive responding subscales were associated positively with caloric intake. However, Barefoot et al.'s cynicism and hostile attributions subscales were not associated with calories consumed. Of note, correlations of the five subscales with demographic and behavioral variables were largely of similar magnitude. No one subscale stood out as particularly associated with these variables except aggressive responding, which was positively associated with cigarette use and alcohol consumption, in addition to education and total caloric intake.
Except for social avoidance and other, the remaining hostility subscales behaved similarly to the total Ho score with regard to their relationships with BMI and WHR. That is, higher scores on these subscales were associated with greater BMI and greater WHR. Correlations of the subscales with anthropometric and physiological variables varied to some degree but were generally similar in magnitude and direction compared with the total Ho score. Only hostile affect stood out, because it was consistently unrelated to all physiological measures of the metabolic syndrome.
We also replicated earlier observations of a bivariate association between hostility and fasting insulin concentrations (32, 33) . Our study, however, examined the hostility-insulin relationship using Ho, which has been shown to be related to CHD and total mortality in several studies (1, 2, 4, 6, 9, 14) , whereas previous studies have used a measure of aggression (32) and a measure of anger-out proneness (33) as proxies for hostility. Moreover, in the latter study, the relationship between anger-out proneness and insulin remained significant after controlling for BMI. Thus, more work is needed to determine the degree to which related, but not entirely overlapping, constructs of hostility and anger expression may be associated with insulin and other aspects of the metabolic syndrome, independent of their relationships with obesity and body fat distribution. At least two studies have reported that higher hostility is associated with increased incidence of hypertension (4, 21) . We failed, however, to find a relationship between hostility and either SBP or DBP. Similarly, although higher hostility was found to be associated with elevated fasting glucose levels in a recent study (33), we did not confirm this finding.
The most important contribution of this study was the construction of a multivariate path model, which demonstrated that Ho does not have direct effects on the physiological variables of the metabolic syndrome. Rather, its effects are mediated by BMI and WHR. Specifically, Ho was found to have indirect effects on fasting insulin by way of both BMI and WHR and to predict indirectly both serum TRG and HDL-C by way of BMI. Hostility, however, was more strongly associated with BMI compared with WHR. Therefore, BMI may be relatively more important in determining the indirect relationships between Ho and other variables which define the metabolic syndrome. Furthermore, BMI was found to exert its influence on TRG, HDL-C, SBP, and DBP both directly and indirectly by way of fasting insulin; WHR, on the other hand, exerted its effects on TRG, HDL-C, SBP, and DBP only indirectly through its effects on fasting insulin. These relationships were not influenced by age, educational level, caloric intake, use of antihypertensive medications, or diabetes or clinically elevated glucose concentrations. That the relationships among Ho and other variables in the path model were not affected by excluding diabetics suggests that these associations fall more along a continuum rather than being influenced by development of a diabetic state. Others have noted consistent, positive relationships among the variables that define the metabolic syndrome (fasting insulin, TRG, HDL-C, and blood pressure) among adults and even children who are not diabetic, dyslipidemic, or hypertensive (46) .
The path model suggests that insulin is antecedent to and exerts its effects on blood pressure and serum lipid values. This directional relationship is consistent with what is currently known about the pathogenesis of the metabolic syndrome, namely, that fasting insulin concentrations, which may signal insulin resistance, drive hypertension and dyslipidemia (eg, Refs. 29, 32, and [47] [48] [49] .
Some limitations to this study must be noted. First, although Ho was measured 1 to 4 years before the anthropometric and physiological variables, the data were analyzed cross-sectionally; therefore, causality cannot be inferred. Second, the sample used in this study was drawn from an older, male, predominantly white population. Therefore, generalizability to other populations, such as females, younger adults, or nonwhites may be limited. Third, the magnitude of the associations between Ho and demographic, behavioral, and physiological variables may be viewed as small; however, this is generally consistent with the results of other studies (eg, Ref. 20) . Thus, the clinical implications of the findings (eg, whether hostile men who keep their BMI and WHR low may decrease their health risk) are not immediately apparent. It is possible, though, that there exist subgroups of high hostility men for whom these relationships are stronger and for whom CHD risk factors may be reduced in a clinically significant way by weight loss and reduction in the WHR. Finally, we did not include measures of perceived stress, stress hormones, other CHD risk factors, and morbidity or mortality outcomes, the significance of which is discussed below.
The results of this study may have implications for interpreting findings from other studies, past and future, which examine the association between hostility, CHD risk factors, and CHD morbidity and mortality. The finding that Ho does not have direct effects on metabolic dysfunction raises questions about the relationship of Ho with CHD risk factors and CHD. Our findings suggest that if one controls for the influence of BMI and WHR, the association observed between hostility and CHD risk factors may be attenuated or eliminated. However, this may not be true in every instance (eg, Ref. 33) , and further work is needed to explore in which populations and under what conditions these relationships hold. One could also interpret the findings of the path model to suggest that Ho will not be related to CHD morbidity or mortality if one adjusts for CHD risk factors. This interpretation should be viewed with caution because the results of the present study portrayed cross-sectional associations, and we did not assess CHD morbidity or mortality. However, longitudinal studies that did control for CHD risk factors (eg, lipids) nevertheless found positive associations between Ho and CHD morbidity and mortality (4, 5, 8) . Moreover, it is entirely possible that Ho predisposes toward CHD not only through its associations with risk factors but also independently through other mechanisms (eg, cardiac arrhythmia; imbalance in sympathetic and parasympathetic nervous system activity; cardiovascular, endocrine, and neuroendocrine responses to stress; coronary artery vasospasm; and clotting factors). The question also remains whether Ho is causally related to CHD or whether it is just a correlate of metabolic dysfunction. Prospective studies examining Ho in relation to the development of metabolic dysfunction, other CHD risk factors, and incidence of CHD are needed to answer these questions.
Future studies should focus on the mechanisms underlying the observed relationships of hostility with BMI and WHR. A number of studies have revealed associations of centrally distributed body fat with socioeconomic, psychosocial, and behavioral correlates of low socioeconomic status (20, 50 -54) . These findings have led Bjö rntorp (28) to hypothesize that abdominal fat distribution is the end result of a series of physiological responses to psychosocial stress. The chronic stress associated with low socioeconomic status leads to chronic stimulation of the adrenal-cortical system, causing elevated levels of adrenal corticosteroids, which in turn direct the storage of fat to central adipose tissue depots. Related findings come from studies observing associations between WHR and depression and anxiety symptoms (55, 56) . The observed relationship between hostility and WHR suggests that hostility may be part of the cognitive/emotional/behavioral response to the chronic stress of low socioeconomic status. Therefore, future studies may do well to incorporate measurements of socioeconomic, psychosocial, and behavioral correlates of low socioeconomic status, as well as measurement of perceived stress and stress hormones, in an attempt to elucidate psychosocial and physiological mechanisms for the relationship between hostility, obesity, and distribution of body fat. For example, stressful challenges may potentiate physiological reactions in individuals with high Ho scores. Examination of interactions with socioeconomic status, race, and sex is also in order, given some evidence that associations of BMI and WHR with psychosocial factors differ across race and sex groups (20) . Research should also consider the possibility that hostility might be associated with clinical or subclinical eating disorders (57), increasing BMI and WHR, given that hostility appears to be associated with greater caloric intake (although, in this study, caloric intake did not mediate the association between Ho and BMI or WHR).
In conclusion, this study replicated previous findings of a negative association between Ho and education, a positive association between Ho and total caloric intake, and positive correlations between Ho and both BMI and WHR. Furthermore, Ho was found to be related to constituents of the metabolic syndrome, in particular higher serum TRG, a higher lipid ratio, and lower serum HDL-C. However, multivariate analyses demonstrated that Ho was associated with the metabolic syndrome variables only indirectly through its influence on BMI and WHR.
